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Executive Summary

With the advent of new communication and information technologies, everything in the world is
more closely connected, forming a huge network that bridges people and things. Future-
shaping technologies such as Al, 5G, cloud, and IoT are like threads that connect us together.

A fundamental enabler lies at the core of all these technologies: the IP address. It gives
devices a "key" that they need to connect to the network; without it, they can't talk to each
other.

The previous protocol used for IP addressing was IPv4, which was designed in the early 1980s
with a maximum total of only 4.3 billion addresses. The explosive growth of intelligent devices
has exhausted the available IPv4 addresses, and IPv6 was introduced to solve this problem
once and for all. With 3.8*10% total addresses available, IPv6 would be able to assign every
grain of sand on earth an IP address.

On the basis of providing massive address resources, IPv6 is also developing continuously. In
addition to providing basic IP addresses, IPv6 provides higher-quality and smarter connections
through the combination of emerging technologies, namely IPv6 Enhanced Innovation'?,
offering more future possibilities and accelerainge the deployment of advanced business
applications like 5G, cloud, and industrial loT.

At this moment, we find it necessary to reflect on how the world has progressed in this
transition and summarize the concrete socio-economic value IPv6 Enhanced Innovation have
created. We construct an IPv6 Development Index and reference data from public databases
to calculate and provide a country-level measurement of IPv6 development status. The
framework is based on the well-acknowledged approaches previously adopted by the Latin
American and Caribbean Internet Address Registry (LACNIC)?, the Organization for Economic
Cooperation and Development (OECD)*, and Cisco®. In terms of data sources, we use data
from Asia Pacific Internet Network Information Center (APNIC), Cisco and authoritative
research institutions and organizations such as Routeviews, OVH and WOS as raw data input
to ensure data reliability and objectivity.

Based on datasets referenced from above databases, we used the Index model to calculate
Index result for 92 countries to measure their IPv6 development status, , and conducted a
gquantitative analysis of the economic impact of IPv6 Enhanced Innovation in various industries.
On this basis, we divided 92 countries into three groups according to the level of IPv6
development and identified 3 countries as benchmark countries, and performed an in-depth
analysis of their development. In addition, this year's report further analyzes the value, status,
and reasons for IPv6 development in 15 countries around the world and puts forward tailored
recommendations.

In policy recommendations, this report has been comprehensively upgraded compared with the
2021 study. Based on the common challenges and main differences between the development
of IPv6 Enhanced Innovationin different groups of countries, we put forward detailed and
executable recommendations for different country ranking groups of IPv6 Development Index.
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The results are strongly in favor of IPv6 Enhanced Innovation development though our
analyses and estimates may be subject to limitations in sample scope and size: In 2025, it is
estimated that the total industry value brought by IPv6 Enhanced Innovation will reach 7.3
trillion US dollars.

In conclusion, now is the perfect time for deployment of IPv6 Enhanced Innovation. Industry-
wide adoption of IPv6 Enhanced Innovation has taken off. Major telecom operators, internet
content providers, and equipment manufacturers have all participated in the rush into a new
digital world.



1. [IPv6: definition and value

In today's world, IP address is an important basic resource of the Internet, the basis for
identification and data transmission between systems, and an important infrastructure for high-
quality development of the global economy. However, with the wide application of the Internet,
challenges and constraints of the global Internet Protocol version 4 (IPv4), such as the
exhaustion of IP addresses and the difficulty in guaranteeing service quality, have become
increasingly prominent due to the undervalued demand for both size and quality for IP
addresses by the development of the Internet and the digital economy in the early stage of
Internet design. In this context, it is gradually becoming a globally acknowledged consensus
that we should vigorously develop and deploy Internet Protocol Version 6 (IPv6)
following the guidelines and best practices from IPv6 Enhanced Innovation. This will
provide sufficient network addresses and broad innovation space for Internet and the
digital economy.

IPv6 Enhnaced Innovation guide to a proper deployment of IPv6 protocol as a basis to
other functionalities defined in IETF, like SRv6. Innovative applications will provide much
more convenient, open, intelligent, and secure internet and to facilitate an intelligent world
where everything is intelligently connected.

1.1 Overview of IPv6

The IP address is the basis of the IP protocol (Internet Protocol) and is the unique identifier for
network devices to access the Internet or a local network. Internet Protocol version 6 (IPv6) is
the latest IP revision, developed as a successor to IPv4. While greatly enhancing the address
pool, IPv6 and its updated technologies can connect and empower more other technologies to
promote the overall development of society.

IPv6 Enhanced
Innovation
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&
IPvB
Created in the late 1990s, MPLS aimed *
reated in the late S, aime:
to allow high-performance traffic PI’OtOCP|
forwarding and traffic engineering in IP S > 3 Innovation
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Introduced in the 1880s, IPv4 supported MPLS In 1998, IPv6 was developed with increased Il
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and is still used to route Internet traffic In 2020, IPv6 Enhanced Innovation was IPv6
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Improved address space

Improved - IPv6 provides more abundant address space resources for the Internet, as
address it uses 128-bit addresses, while IPv4 uses 32-bit addresses. The size of
space IPv6 address pool is approximately 8*1028 times as large as that of IPv4

@ Reduced administration costs

* As the available address space per subnet greatly exceeds the number of
Reduced connectable nodes, the large number of addresses brought by IPv6
| simplifies subnet management and thus reduces administration costs

admin Auto
cost configuration

@ Auto configuration
« Compared to IPv4, IPv6 allows devices to connect to networks in
different locations more simply (primarily through stateless address
autoconfiguration and neighbor discovery functions)

Source: Desklop research, expert interview; Reland Berger

Fi g@r el Pv6 It eacchwna nctaage s

Advantages and technical features of IPv6 Enhanced Innovation

Based on IPv6 massive addresses, IPv6 Enhanced Innovation comprehensively improves IP
network capabilities in six dimensions of ultra-broadband, wide connection, determinism, low
latency, automation and security, and provides services for governments, operators,
enterprises and enterprises in various industries and usage scenarios. The requirements of
end users in various usage scenarios provide a high-quality foundation.

Security L Deterministic
Cloud, network and security integration, ? >¢.? Running multiple services on one network
by network slicing, provide deterministic

intelligent defense, global analysis
9 Q forwarding experience

Ultra-high bandwidth e, Low latency
400GE non-blocking interconnection to Enhanced ‘E® Intelligent traffic navigation based on
accelerate computing power supply Innovation & latency and bandwidth ensures E2E SLA

assurance, builds ms-level latency

h 6 networks
Automation

Ubiquitous connectivity

Simplified SRv6 protocol, one hop access to multiple clouds; 'if-l,l“7 '-.f. In-flow detection, enabling real-time
Network pragrammability enables path optimization and S, s e visualization of SLA quality; automatic

provides business-level assurance deployment and automatic fault locating

« In October 2021, ETSI partnered with 15 leading IP industry players to publish its first report ETSI GR IPE
001 "IPv6 Enhanced Innovation: Gap Analysis"

Source: Desktop research; Roland Berger
Fig@&rel Pv6 Enhanced Innovation advantages and
Key technologies in IPv6 Enhanced Innovation includes SRv6, IPv6 Enhanced Innovation

Network Slicing, IFIT, BIERv6 and APNG, etc.

1.2 Necessity of transition to IPv6 Enhanced Innovation

To fully support the development of the digital economy, large-scale deployment of IPv6 is the
basis and necessary foundation for realizing an intelligent world where everything is
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connected. Actively deploying IPv6 Enhanced Innovation innovative applications is an
important measure to achieve higher-quality development based on IPv6 to better facilitate the
5G and cloud era.

Necessity of
~| Transition to
IPv6

strong demand for IP

The booming digital economy
boosts
addresses

)

Balance digital power and
provide equal access for all

Necessity of
Developing

tralization, and equality

IPv4 address exchanges are

Alternative technologies and
not sustainable solutions

IPv6 and IPE

Importance of

—®

Technologies such as NAT/CGNAT have limited
scalability for massive connections and do not

Driven by 5G, cloud computing, loT, etc., the
number of connected devices is expected to reach
41.2 billion in 2030, with a compound annual
growth rate of 14%

) The exhaustion of IPv4 address resources will

potentially lead to conflicts with concepts of
Internet of openness, innovation,

support end-to-end applications; IPv4 market has
high transaction costs

Technological capabilities

support digital transformation>

of various industries

IPv6
Enhanced
Innovation

performance, reduce operation

Improve network efficiency and
and maintenance costs

IPv6 can provide private line guarantee
requirements for key services and better meet
transmission requirements of key applications

IPv6 can help operators better allocate resources,
improve overall network efficiency, and improve
network operation and maintenance capabilities

security,

safer and more reliable

Ensure network
making cloud and loT services

Fi gdr eNecessity

of

Developing |

1.3 Economic and social benefits of IPv6 Enhanced Innovation

Facilitates 5G and applications: sufficient IP addresses and
features of high reliability, low latency and always online

| Promotes Sustainable | |

Economic
and social
benefits of
IPv6

Economic Growth

Empower digital
economy transformation

vo®

_|

Tmprove quality and
efficiency

—@®

_|

Improve security and
optimize costs

Improves Society and
Well-being

|

Enable various
applications

Enhance social
governance

Fi gbr eSoci al

_|

Support digital equality

C,
@

and

IPv6 can identify, authenticate and authorize
network access objects, and strengthen data
encryption to form a trusted and secure network

Pv 6

Enhanced

Improve loT efficiency: meeting requirements for node
mobility, node redundancy and service quality assurance

Supports cloud applications: simplifying deployment

difficulty of cloud applications & optimizing user experience

Abundant supply of IP address resources will help
maintain an open and innovative system of the Internet

Drive innovation and
entrepreneurshi

Improving quality and overall efficiency, generating more
economic benefits per unit time

Adding protection measures to network security, thereby

saving the cost of maintenance and remedial measures

Greatly reducing network delay so all kinds of smart
home devices can realize more efficient interconnection

Reduce probability of info leakage and cyber fraud,;
strengthen public security by security control technology

Balancing digital power between countries and providing
equal access to all

economi c

benef it

S

of

Pv 6

Enh
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2. Industry Economic Value by IPv6

2.1 IPv6 economic impact 2025 estimate

2.1.1 IPv6 industry-sector economic impact model

Today the scope of IPv6 is not only IP addresses, but also includes IPv6 Enhanced
Innovations including SRv6 and other technologies. IPv6 development will positively affect
virtually every industry sector. Since industries have differing economic and regulatory
structures that will affect the timing for IPv6 adoption, we chose 2025 as the analysis timeframe
and focused on short-to-mid-term impact.

After analyzing the micro- and macro-economic impacts expected by IPv6, we projected
forward to 2025, and looked at the economic contributions of IPv6 Enhanced Innovation
through three lenses in 12 major industry sectors (See Appendix A for details). The first lens
examined the value created by innovative technologies and their application scenarios, mainly
focusing on 5G/loT/cloud, empowered by IPv6 Enhanced Innovation. The second lens focused
on the level of efficiency improvements enabled by IPv6 and IPv6 Enhanced Innovation. The
third lens examined cost reduction by preventing data security issues with different issue type.
The following provides an overview of the methodology for these three impacts.

Value points  Applications Calculation
: Economic value of + % of economic value contributed by 56 :
Lnffcrjai;trslcture Value created via 56 ndustry e ocations *  IPvB-improved % of 56
economy. value created via loT Economic value contributed by loT applicati * | IPvé-improved % of loT
: Economic value of . % of economic value contributed by cloud . IPv6-improved % of
Value created via Cloud fodastry oalextioes Cloud
u Increased Efficiency improved Economic value of Level of 1Pv6-im
& proved % of
efficiency  due to NAT removal industry * Digitalization JALtsmove % “ NAT removal
ﬂ Improved Cost reduction by = . IPv6-improved % per
security avoidance of human error s et sub-type
Cost reduction by reduction Economic value of 2 Avg. cost per i x . IPvb-improved % per
of system failures industry incident System failure # sub-type
Cost reduction by prevention = = . IPv6-improved % per
from malicious attacks Mo Moserd sub-type
Country-specific indicators Global indicators
Fi g6r eMet hodol ogy of 1 Pv6 value creation by

2.1.2 IPv6 value creation by industry result analysis

Based on our model and expert input, we estimate that potential global value created across
multiple industry sectors enabled by IPv6 could reach $7.3 trillion in 2025. This represents
about 3.7% of all global real output in 2025.

IPv6 industry value creation:

The following figure presents the consolidated value enablement findings by industry, ranking
from highest impact (information & communication, 5.1% of its total sales) to lowest impact
(construction & real estate, 1.9% of its total sales).
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.

Qualitative impact by IPv6

Infrastructure of digital economy Improved securityfllIncreased efficiency

.

.o

Quantitative impact by |Pvé

Industry 56 loT Cloud Improved security Increased efficiency  Value [bn $] % of industry sales
Information & communication [ ] [ ] ® o 573 £5.1%
Manufacturing [ ] [ ] [ ] 1,848 ¢ 5.0%
Public service & utilities [ ] [ ] @ [ ] 994 O 4.6%
Hospitality & entertainment [ ] ® 305 C . 3.9%
Transport, & storage [ ] [ ] 520 <> 3.8%
Health & social work [ ] [ ] ] 380 <> 3.7%
Education [ ] [ ] 208 0 3.7%
Prof. services & finance ® ® 931 <> | 34
Wholesale & retail [ ] [} 610 O 3.0%
Energy [ ] [ ] 174 o S 3.0%
Ag., forestry & fishing [ ] 156 Q . 2.0%
Construction & real estate [ ] [ ] 623 : 0 1.9%
Total 7,327 3.7%
Low impact ® @ High impact
Source: Desktop research, expertinterviow; Roland Bergar

Fi gdr eGl obal | Pve value creation by

2.2 Major impacts and industry use cases of IPv6’

IPv6 as a fundamental enabler for other technologies have a wide range of impact on different
industries. A detailed introduction of IPv6 Innovation enabled industry use-cases can be found

in the full report.

Infra. of

digital Increased Improved
Industry Application (some examples) economy efficiency security
Manufacturing Smart manufacturing: production visualization, remote operation

Info. & communication
Wholesale & retail
Public service &utilities
Prof. services & finance
Transport. & storage
Health & social work
Ag., forestry & fishing
Construction& real estate
Energy

Education

Hospitality & entertainment

Intelligent operations: predictive maintenance, intelligent detection
Smart shelves: environment menitoring, automatic warning

Smart water system: real-time monitoring of pipe network operation
Risk contral platform: warning, identification and prevention
Driverless: responsive navigation and operation with low latency
Telemedicine: remote physician coaching operations

Smart agriculture: remote monitoring, real-time data analysis
Operations security: wearable devices monitor workers' moving line
Smart drilling system: scil detection, automatic adjustment of drilling
Smart classroom: interactive distance learning, AR classroom

Mobile games: real-time interaction and enhanced experience

Source: Desktop research, expert interview; Roland Berger

Figd& | Pv6é enabl ed

"Based on

desktop research

Low impact
scenarios in each
from various press

ndus:t

ndus

r el

e
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3. IPv6 Development Index and Country Analysis

3.1 IPv6 Development Index

Although IPv6 has great potential for economic value creation, each country has a different
level of development. We construct an IPv6 Development Index that aims to provide a country-
level measurement of IPv6 deployment status. The IPv6 Development Index is based on the
well-acknowledged methodologies of the Latin American and Caribbean Internet Address
Registry (LACNIC)8, the Organization for Economic Cooperation and Development (OECD)®,
and Cisco?®.

3.1.1 Methodology

Based on references to the LACNIC, OECD and Cisco, we constructed the IPv6 Index by
measuring the specificity of IPv6 in three major areas of deployment. These three aspects are
IPv6 pennetration (including IPv6 address planning, IPv6 deployment in networks, IPv6
deployment in content providers and user access to the network via IPv6), the
performance of IPv6, and the level of innovation emphasizing on IPv6 Enhanced
Innovation (including technical standards, policy, academics and pilot commercial
projects of IPv6 Enhanced Innovation).

Content

Academic
contribution

Innovative @
application @

-

Source: Desktop research; Roland Berger

Fi g9r eMet hodol ogy of |1 Pv6é Development 1| nde
88 Pve Deployment for Social and Economic Devel opmer
S nternet Addressing: Measuring Deploymempapeor | Pv 6

No. 172, Apr 2010
Y'nternet | Pve Adoption: Methodol ogy, Measurement :



(

Index Type Level 1 dimension Level 2 dimension
Type Index Indication Index Description Source!! Weight
Ratio of allocated v6 . Ratio of allocated v6
prefixes to allocated v4 | Allocation of 1} o oc 4o aliocated | APNIC 8%
prefixes; Ratio of IPVE prefixes | 1" refixes
Planning allocated IPv6 prefixes - -
from which traffic has Dev. of Ratio of advertised
been seen to all advertised v6 prefixes to APNIC 8%
allocated v6 prefixes IPv6 prefixes | allocated v6 prefixes
Measure the level of
IPV6 ?heeplr?eyt:/nvgm oi:“I:IrvéSaltr; Adoption of Ratio of dual-stack
. Network ! ' IPv6 transit IPv6 Transit AS to all | Routeviews | 17%
penetration centers of telecom AS dual-stack Transit AS
operators and cloud
service providers
Measure the level of The Weighted ratio of OVH,
Content deployment of IPv6 in website's IPv6 enabled to Cisco, 17%
websites from content support for tested top 500 Google,
providers IPv6 websites Alexa
Measure the accessibility | End-user Ratio of IPv6 capable
Users to the internet through accessibility | users to number of APNIC 17%
IPv6 for end-users to IPv6 internet users
Average RTT
Measure the quality of Speed of difference between
s kot of IPv6 network | IPv6 and IPv4 on APNIC 8%
: connection dual stack end
Performance | Performance | IPv6 deployment during devices
end-users' visits to the —— :
internet through 1Pv6 Reliability of | IPv6 failure rate on
IPv6 network | dual-stack end APNIC 8%
connection devices
Measure the contribution # of companies,
Standard to international standards Standard universities and other
contribution of IPv6 and IPv6 contribution institutions in working | IEEE, IETF | 3%
Enhanced innovation by groups of IEEE and
each country IETF
Measure the # of # of org. established
organizations and and policies
Policy supportive policies to Policy published by the gov. | Official 3%
support promote IPv6 and IPv6 support to regulate the websites
Enhanced innovation by development of IPv6
each country and IPv6 Enhanced
Innovation Measure the academic # of academic papers
o on IPv6 and IPv6
. contribution to IPv6 and . h .
Academic Academic Enhanced innovation
o IPv6 Enhanced o ; WOSs 3%
contribution | . . contribution | technology published
innovation by each h
country in top-le_vel
publications
Measure the level of # of operators and
deployment of IPv6 pe th IPV6
Innovative Enhanced innovation Innovative enterprises with IPv Desktop
A h g - S Enhanced Innovation 8%
application innovation projects to application . . research
et pilots or commercial
evaluate the capabilities
. . use cases
of future innovation
1 Dat ®aetin this report are; asouagfce Augwuwdtude 2 APNI
(https://stats. |l abs.apnic.net/ipvé6/), APNI C vb6pop
veerf (https://stats.|labs.apnic.net/véperf), APNI
and desktop research



We use the weighting method to sum the sub-indicators involved in the three dimensions to calculate the
final IPv6 development index of each country. The weight of each sub-indicator refers to the distribution of
the indicator to balance different input variables. Finally, the IPv6 development index is calculated by
normalizing different sub-indices, and the average value of each sub-indicator is calculated to determine
the weight of the actual application.

The framework is based on approaches previously adopted by the OECD*?, LACNIC*3 and Cisco. In
terms of data sources, we use Asia Pacific Internet Network Information Center (APNIC), Cisco and other
authoritative research institutions and organizations such as Routeviews, OVH and WOS as raw data
input to ensure data reliability.

3.1.2 IPv6 Development Index result

The numerical range of the IPv6 development index is from 0 to 1, and a higher index value means a
better development process of IPv6 and its innovative applications. We selected 92 countries around the
world and calculated the IPv6 development index for each country in 2022 using data from the Asia-
Pacific Internet Network Information Center (APNIC) and other relevant sources.

Based on the specific index values, we divide these countries into three categories: frontrunners,
accelerators and starters. The Frontrunner countries are the top 25% of the IPv6 development index, the
Starters are the bottom 25% of the countries, and the rest are the Accelerator countries. For the sake of
comparability of indicators among different countries, we measure the deployment of IPv6 compared with
IPv4 in the index.

2l nternet Addressing: Measuring Deployment of | Pv6,

2010
Bl Pve Depl 5yome mtl fammrd Economic Devel opment

Y nternet | Pve Adoption: Methodol ogy, Measurement

a |
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3.1.2.1 Global country ranking & groups

533

2888388882

92

India
Belgium
Finland
Germany
Greece
Uruguay
United States
France
Japan
Saudi Arabia
Malaysia
United Arab Emirates
Brazil
Hungary
Mexico
China
Luxembourg
Netherlands
United Kingdom
Estonia
Colombia
Portugal
Vietnam
Austria
Switzerland
Czech Republic
Sweden
Canada
Kuwait
PParaguay
Peru
Norway
Thailand
Australia
Argentina
Singapore
Ireland
Ecuador
Philippines
Jordan
Kenya
Denmark
Poland
Chile
Italy
Qatar
Slovakia
Bolivia
Algeria
Oman
South Africa
Romania
Rwanda
Belarus
$Slovenia
New Zeland
Croatia
Spain
Kazakhstan
Mauritius
Morocco
Ethiopia
Irag
Nigeria
Tunisia
Uganda
Egypt
Serbia
Tanzania
Namibia
Indonesia
Bahrain
Angola
Lebanon
Botswana
Bulgaria
Venezuela
Pakistan
Cote d'lvoire
Lithuania
Bangladesh
Senegal
Turkey
Cameroon
South Korea
Mozambique
Libya
Ghana
Zambia
Uzbekistan
Ukraine
Russia

0.57 .
0.57
0.55
0.53
0.53
0.53
0.53
0.51
0.51
0.51 |
0.50 |
0.48
o Front-runner
0.48 |
0.47
0.47
0.4
0.46
0.46
0.45
0.45 |
0.45 |
0.44 +
0.44 t
0.44
0.44
0.43
0.43
0.43
0.42
0.4
0.40
0.40
0.40
0.39
0.39
0.39
0.39
0.39
0.37
0.37
0.36
0.35
0.35
0.35
0.35
0.35 Adopter
0.35 |
0.34
0.34
0.34
0.34
0.34
0.33
0.33
0.33
0.33
0.33
0.32
0.32
0.32
0.31
0.31
0.30
0.30
0.30
0.30 [
0.30
0.29 !
0.29 .
0.29
0.29
0.29
0.28
0.28
0.28
0.28
0.28
0.27
0.26
0.26
0.28 Slarter
0.26
0.25
0.25
0.25
0.25
0.24
0.23
0.23 |
0.22 [
0.22 1
Fi gulrce Country ranking of | Pve6

Dv el

opment
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i

Front-runners Adopters Starters
1 India 24 Austria 47  Slovakia 70 Namibia
2  Belgium 25 Switzerland 48  Bolivia 7 Indonesia
3  Finland 26 Czech Republic 49 Algeria 72 Bahrain
4 Germany 27 Sweden 50 Oman 73 Angola
5 CGreece 28 Canada 51  South Africa 74 Lebanon
6  Uruguay 29 Kuwait 52  Romania 75 Botswana
7 United States 30 Paraguay 53 Rwanda 76 Bulgaria
8 France 31 Peru 54  Belarus 7 Venezuela
9 Japan 32 Norway 55  Slovenia 78 Pakistan
10 SaudiArabia 33 Thailand 56  New Zeland 79 Cote d'lvoire
11 Malaysia 34 Australia 57  Croatia 80 Lithuania
12 United Arab Emirates 35 Argentina 58  Spain 81 Bangladesh
13  Brazil 36 Singapore 59  Kazakhstan 82 Senegal
14 Hungary 37 Ireland 60  Mauritius 83 Turkey
15 Mexico 38 Ecuador 61  Morocco 84 Cameroon
16 China 39 Philippines 62  Ethiopia 85 South Korea
17 Luxembourg 40 Jordan 63 lIraq 86 Mozambique
18 Netherlands 41 Kenya 64  Nigeria 87 Libya
19 United Kingdom 42 Denmark 65  Tunisia 88 Ghana
20 Estonia 43 Poland 66 Uganda 89 Zambia
21 Colombia 44 Chile 67  Egypt 90 Uzbekistan
22 Portugal 45 Italy 68  Serbia 91 Ukraine
23 Vietnam 46 Qatar 69  Tanzania 92 Russia
Source: Roland Berger
Figdaddhe Country Ranking of Gl obal | Pve Develo
3.1.2.2 Regional country ranking
Asia Pacific
Global Average 0.37Regional Average 0.40
vV v
@ 'ndi 0.57
a Japan 0.51
© Malaysia 0.50
O china 0.47
© Vietnam 0.44
@ Thailand
o Australia
o Singapore
© Philppines
@ New Zeland H H
o Indonesia 0.29 : H
0 Bangladesh 0.26
@ southKorea 025

Source: Roland Berger

FiguRke Country

Mi ddl e

Saudi Arabia

United Arab Emirates
Kuwait

Jordan

Qatar

Oman

Iraq

Bahrain

Lebanon

Pakistan

06000000000

Source: Roland Berger

East

0.28

FigaBe Country ranki

0.51

ng

rahRvBgDeVepgbpkaha Padekic

Regional Average 0.36Global Average 0.37

of gl oMaddl PvGEabBbevel opme
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u Northern Africa
Regional Average 0.29 Global Average 0.37

M M
Algeria : :
Morocco
Ethiopia
Tunisia
Egypt
Cote d'lvoire
Senegal

Cameroon

Libya

Source: Roland Berger

Figud e Country ranking of gl dblaltt hfPewibc @evel opme]

a Sout hern Africa
Regional Average 0.30  Global Average 0.37

v v
Kenya i i
South Africa
Rwanda
Mauritius
Nigeria
Uganda
Tanzania
Namibia
Angola
Botswana
Mozambique
Ghana

Zambia

Source: Roland Berger

Figabe Country ranking of gl BabthPvfé BEwvetapmerl

U Sout hern and Centr al Ameri ca
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Uruguay
Brazil
Mexico
Colombia
Paraguay
Peru
Argentina
Ecuador
Chile
Bolivia

Venezuela

6000000000

Source: Roland Berger

Figdbée Country
North

@ United States

o Canada

Source: Roland Berger
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0.28

Ameri ca

Figdime Country

© Finland
@ Greece
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3.1.2.3 Analysis of differences among groups

The average value of different development stages varies greatly, and the grouping method can better
summarize and reflect the characteristics of the development stages of countries in each group and the
elements that need to be completed. We categorize countries into three groups: Front-runners,
Adopters and Starters. Among them, the leaders are countries that are relatively leading in the
development of IPv6 and its innovative applications.
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Driver analysis

At the sub-indicator level of the IPv6 Development Index, the differences between countries mainly come
from the four dimensions of network, users, performance and innovation. This illustrates the importance of
improving users' ability to access the Internet through IPv6, deploying cutting-edge IPv6 innovative
applications to improve IPv6 performance, and making sufficient cutting-edge preparations for the future.

Overall IPv6 penetration Performance I m
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In the comparison of the various groups of the IPv6 Development Index, we found that performance and
innovation are the main factors that separate the differences among the three groups of front-
runners, adopters, and starters:
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In IPv6 penetration rate, the network and users are also aspects with large differences in the
performance of different groups, but the specific manifestations are different:
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3.1.2.4 IPv6 Penetration analysis

In the IPv6 development index, the four indexes of planning, network, content and user represent the
penetration of IPv6 in each link of end-to-end deployment.
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3.2 Benchmarking country analysis

Among many countries, we selected the United States, China and Germany from the front-runners group
for analysis as benchmark countries, in order to summarize their strengths and provide reference cases
and leading deployment for other countries.

3.2.1 USA

The United States is a digitalization pioneer. It now has a highly developed digital industry, resulting in
high demand for IP addresses. As a result, IPv6 was implemented early in the United States, and its
adoption rate is higher than in most other nations. On the other hand, the United States possesses a huge
number of IPv4 addresses, and its equipment and services are optimized to meet the needs of IPv4,
whereas the setup of IPv6 native equipment and services has not yet been optimized. Therefore, it will
take time for the relative penetration of IPv6 (in comparison to IPv4) to increase.

Implications

0

The | egislative pri or ihteiad d hgf de ari ltyal a ca ptoednky nugiyts i
such as making the connection between | Pv6 and ot
Pioneering the inedgé¢igathool ofgi estandgtrial appl
i nftrrauscture is the means for | eading nations to ke
Undoubtedly the growth of the digital economy

, i s
The necessity and economic significanhoprsofi adepas
I r

demand for P inside the digital infrastructure
Enforcitnggn e nldiv & net works for government services
considerably increases the i mplementation of | Pv6

IPv6 industry sector impact

We estimate that the potential value created by deploying IPv6 across multiple industries in the US would
total $2.4 trillion by 2025, equivalent to 5.2 % of the gross value of these industries in 2025.

Qualitative impact by IPv6 Quantitative impact by IPv6 ————
Industry 56 loT Cloud Improved security Increased efficiency Value [mn §] % of industry sales
Information & communication [ ] [ ] 269,364 $8.00%
Manufacturing [ ] 379,581 O 7.90%
Public service & utilities 397,575 0 6.20%
Hospitality & entertainment [ ] 110,864 o 6.10%
Transport. & storage ® 98,099 0 5.90%
Education ® 23,693 o 5.50%
Health & social work ® 183,092 0 5.40%
Prof. services & finance ® 452 441 <> 4.80%
Wholesale & retail 222,830 O 4.20%
Energy 51,302 & 4.00%
Ag., forestry & fishing 20,988 (} 3.60%
Construction & real estate 193,245 <>. 2.60%
Total 2,403,074 5.20%
Low impact @ @ High impact

Fig2®e |l Pv6 industry value creation in Uni

IPv6 development status

1] USA is ra

nked 7 out of 91 countries with-a sc
runner s. T S

means that USA is considered a |
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IPv6 penetration Performance ]

Overall rating based on
Planning Network Content Users Performance standards, policy, academics
and applicati
Front-
runners 0.50 0.38 0.40 0.38 0.90 0.47 0.44
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3.2.2 China

The Chinese government has achieved significant results in driving the IPv6 transition among operators,
content service providers, and key device manufacturers through a set of multi-level and highly binding
policies.

Implications
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penetration of | Pv6 among operators, service proyv

al | stakehol der s, operators are most prone to
depl oymentwaartk tahned nlesser sdé end.
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provision of an | Pvér netwhohekt emvoviothhenesnt f

0O The active deployment of | Pv6/ | Pve Enhanced |
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provision of an | Pvf6éo rn ectomotrekn te npvri or voi ndmeernst .

0 Governments should also wdadrlgitaladwdmaes tbruedktrher d
Government support for | Pvé Enhanced I nnovations
projects, will consi cheer adbilgy temd s es etct @ rg ramvdt b omfs tt

in the future.

IPv6 industry sector impact

We estimate that the potential value created by deploying IPv6 across multiple industries in the China
would total $578 billion by 2025, equivalent to 1.7 % of the gross value of these industries in 2025.
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Qualitative impact by IPv6 Quantitative impact by IPv6

Industry 56 loT Cloud Improved security Increased efficiency Value [mn §] % of industry sales

Information & communication [ ] ® 41,298 ; 2.6%

Public service & utilities [ ] ® 81,638 <> 2.3%

Manufacturing [ ] [ ] [ ] 159,311 O 2.1%

Health & social work [ ] [ ] 21,257 (} 2.0%

Hospitality & entertainment ® 40,485 O 21%

Prof. services & finance [ ] 53,213 o] 1.7%

Education [ ] 18,430 O 1.7%

Transport. & storage ® 55,929 () 1.5%

Wholesale & retail o 28,210 O 1.4%

Energy [ ] 14,659 © 1.3%

Ag., forestry & fishing o 14,012 O 0.8%

Construction & real estate 49,942 0 0.8%

Total 578,385 1.7%

Low impact ® @ High impact

Figdnel Pv6é industry value creation in Cl
IPv6 development status
U China is ranked 12 out of 92 countries with a
runnerseafnfishmt China is considered a | eader

Overall IPv6 penetration Performance
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and applications
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Starters  0.26 0.33 0.31 0.35 0.04 0.25 0.31
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FigB8Rel Pve devel opment status in China

3.2.3 Germany

Due to a relatively high degree of digitalization, the users' natural demand for IP addresses becomes a
potent driver for IPv6 transition. In addition, as Germany began the deployment process early and the
active public sector has contributed significantly to the promotion of IPv6, Germany is at the forefront of
IPv6 implementation globally.

Implications

0 The gomeetnshould take the |l ead in deploying | Pve6
the appropriate change.

0 As the digital economies grow, the modernization
manufacturing) gsnepradjeeceé mdr ntoa s demand for | Pv
governments should integrate | Pv6 into industrial

pilot projects for its implementations.
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IPv6 industry sector impact

We estimate that the potential value created by deploying IPv6 across multiple industries in Germany
would total $288 bhillion by 2025, equivalent to 4.2 % of the gross value of these industries in 2025.

Qualitative impact by IPv6 Quantitative impact by IPv6
Improved securityffIncreased efficiency

Industry 56 loT Cloud Improved security Increased efficiency Value [mn §$] % of industry sales

Information & communication [ ] 18,83 O 6.0%

Manufacturing [ ] [ ] 77,049 Q 5.1%

Public service & utilities [ ] 36,525 0 5.0%

Energy 3,078 é 47%

Transport. & storage ® 18,736 < 4.4%

Hospitality & entertainment 11,666 O 4.4%

Education ™ 10,464 S a.2%

Health & social work 20,307 o 4.2%

Prof. services & finance @ 43,665 0 3.9%

Wholesale & retail 22,190 0 3.6%

Construction & real estate 2,408 0 3.2%

Ag., forestry & fishing 23,506 & 2.2%

Total 288,431 4.2%

Low impact @ @ High impact

Figd8Bel Pve industry value creation in Ge
IPv6 development status
U Germany is ranked 4 out of 92 countries wi-th a
runners. This means that Germany is consider e«
Overall IPv6 penetration Performance
score Overall rating based on
Planning Network Content Users Performance standards, policy, academics
and applications
Front-
runners 0.50 0.38 0.40 0.38 0.90 0.47 044
0.36 0.39 0.38 0.38 0.27 0.38 0.36
Starters 0.26 0.33 0.31 0.35 0.04 0.25 0.31

I
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I
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FigBdhdel Pve devel opmemty status in Germ

3.3 Typical country analysis
3.3.1  Front-runners

3.3.1.1 France

France has a solid digital basis, as well as a strong academic reputation and influence in the
telecommunication field. As the French public sector' started deployment of IPv6 since 2012, the private
sector shows good IPv6 penetration; however, due to the fragmented market of operators and content
services, there are a large number of small operators and small websites that have not yet transformed to
IPv6, and it will take time to further the penetration.
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IPv6 industry sector impact

We estimate that the potential value created by deploying IPv6 across multiple industries in France could

total $164 billion by 2025, equivalent to 3.6% of the gross value of these industries in 2025.

Qualitative impact by IPv6 Quantitative impact by IPv6

Infrastructure of digital economy Improved security llIncreased efficiency

Industry 5G loT Cloud Improved security Increased efficiency Value [mn §] % of industry sales
Manufacturing [ ] 28,806 & 5.9%
Information & communication [ ] 15,419 0 4.9%
Public service & utilities 20,959 Q 4.5%
Energy 1788 ¢ 4.0%
Transport. & storage 9,673 ¢ 3.8%
Hospitality & entertainment 7,761 0 3.8%
Health & social work 12,536 O 3.6%
Education [ ] 6,262 <> 3.5%
Prof. services & finance [ ] 29,066 O 3.3%
Wholesale & retail 15,123 6 3.0%
Ag., forestry & fishing 2,437 o 2.2%
Construction & real estate 15,081 <> 1.9%
Total 164,911 3.6%
Low impact @ @ High impact
ce: Deskiop research, expertinterview; Roland Berge
Fig8bel Pv6 industry value creatio
IPv6 development status
U France is ranked 8 out of 92 countries
runners. This means that Franeéeopmeoabdbns
score ’_\ ’_\ ’_\ l_\ erall raling based on _
Planning Network Content Users Performance standards, policy, academics
and applications

0.38 0.40 0.38 0.90 0.47 044
Adopters KT 0.39 0.38 0.38 0.27 0.38 0.36
Starters  0.26 0.33 0.31 0.35 0.04 0.25 0.31
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FigB3bel Pve devel opment status 1in

~=

in Fr
it h a
dePeéd
France



28 GLOBAL IPV6 DEVELOPMENT REPORT 2022
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3.3.1.2 Saudi Arabia

Saudi Arabia has a high demand for IPv6 in the process of promoting the transformation of the digital
economy. Around 2021, the government actively deployed IPv6 through the state-owned top operators,
mandating quick IPv6 deployment and rapid penetration by the top operators.

IPv6 industry sector impact

We estimate that the potential value created by deploying IPv6 across multiple industries in Saudi Arabia
would total $123 billion by 2025, equivalent to 6.5 % of the gross value of these industries in 2025.

Qualitative impact by IPv6 Quantitative impact by IPv6

Industry 56 loT Cloud Improved security Increased efficiency Value [mn §] % of industry sales

Information & communication [ ] 8,829 O 8.6%
Energy ® [ ] 41,086 .o" 8.0%
Public service & utilities ® [ ] 13,384 O 7.5%
Transport. & storage @ ® 4,790 O 7.3%
Manufacturing [ ] ® ® 15,937 0 7.3%
Hospitality & entertainment [ ] ® ® 3,064 0 7.1%
Prof. services & finance [ ] 4,839 {) 7.0%
Health & social work o 3,633 O 6.8%
Education ™ 5,589 & B.1%
Wholesale & retail [ ] [ ] 7,646 <> 5.5%
Ag., forestry & fishing ® 1,346 O 4.0%
Construction & real estate 11,923 O 3.3%
Total 123,066 6.5%

Low impact @ @ High impact
Figd38el Pv6 industry vAlrabiareation in Sau

IPv6 development status

Saudi Arabia has a high demand for | Pv6 in the proc
Around 2021, the government will drive SOE head ope
infiltrateommdr tiagl opitl ot applicati ons-eafgel Rw& hEbiroH @
u Saudi Arabia is ranked 10 out of 92 countries
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Overall IPv6 penetration Performance ] m
score Overall rating based on
Planning Network Content Users Performance standards, policy, academics
and applications

m 0.50 0.38 0.40 0.38 0.90 0.47 0.44

0.36 0.39 0.38 0.38 0.27 0.38 0.36

Starters 0.26 0.33 0.31 0.35 0.04 0.25 0.31
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Figd®el Pve devel opment status in Saudi

Recommendations

FigdOe Policy recommendations for Saudi

3.3.1.3 Malaysia

Malaysia started the deployment process of IPv6 10 years ago and stepped up its policies in recent years.
From 2020 onwards, IPv6 certification is made mandatory for all types of network equipment. However,
due to a fragmented operator market, the deployment of IPv6 still needs time.

IPv6 industry sector impact

We estimate that the potential value created by deploying IPv6 across multiple industries in Malaysia
would total $108 billion by 2025, equivalent to 3.2 % of the gross value of these industries in 2025.
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